A profound impairment of hearing either may occur at birth or may be the result of some patholo~ic condition occurring after birth. This pathologic condition occurring after birth may be either hereditary or acquired.
It is impossible, in the short time at my disposal, to go very deeply into the histologic conditions which are found in the labyrinth in easels of those profoundly deaf. As I have done no original work in this line, I should simply be quoting from other observer'S, and it is much better for me to refer my hearers to the classical work of Denker ("Die Anatomie der Taubstummheit," Wiesbaden, 1904 -1909 , than to attempt to give here a resume of their work. \\That I shall attempt to do, in the time allotted to me, is to bring out a few points which may be of clinical importance, and to dwell very lightly upon the exact pathologic changes which occur in these cases.
In those who are born deaf it seems probable that intermarriage is one of the most common causes of congenital impairment of hearing. This impairment may appear in the first generation or may skip one generation and appear in the next. Consanguinity has, however, for a long time been recognized as a common cause of congenital deafmutism. In some of these congenital cases we have extreme deformity of the external ear, absence of the external auditory meatus and, in some cases, malformation of the tympanic cavity. The labyrinth is found poorly developed, the cochlea being in~omp!ete in some of its portions. Partial or complete obliteration of the semicircular canalIs may also occur. In another class of cases of those "'Read before the Section on Otology of the New York Academy of Medicine, December 9th, 1910. congenitally deaf, we find faulty mental development. Faulty mental development, however, by no means occurs in the majority of cases of congenital deafmutism. Many of these patients are bright, mentally, and their sale defect seems to be their impairment of hearing. Among acquired conditions, meningitis in early life is, perbaps, the most common cause of deafmutism. Syphilis also plays a part, not only in the congenital form, but in the acquired form of those profoundly deaf, although it is probable that a specific taint is much less commonly a causative factor than was· £ormerly supposed. A suppurative inflammation of the middle ear sometimes leads to profound deafness. To this variety belong those cases of panotitis, of the older writers, in which, as the result of a suppurative process, usually following one of the exanthemata, not only were the structures within the middle ear largely destroyed, but also portions of the labyrinth as well. Profound impairment of hearing, however, as the result of suppurative middle ear disease, is not of very common occurrence. Labyrinthine hemorrhage may also cause a profound impairment of hearing. This condition either may result from traumatism or may be dependent upon a degeneration of the walls of the labyrinthine vessels, due to an arteriosclerosis or to specific disease either of the hereditary or acquired form.
Of the conditions which cause profound deafness in adult life, probably .invasion of the labyrinth secondary to or coincident with middle ear disease, is the most common. I here refer to cases of otosclerosis.
With reference to otosclerosis, it seems to be a mooted point at present, as to whether the labyrinthine changes in this disease, occur per se, or whether they are secondary to middle ear involvement. I am well aware that many consider otosclerosis a condition which develops simultaneously in the labyrinth and in the middle ear, and that the labyrinthine affection is never dependent upon middle ear involvement. From a clinical point of view, I am hardly ready to accept this statement. I am inclined to believe that in quite a large proportion of cases the labyrinthine changes are secondary to the pathologic conditions within the tympanic cavity.
When we come to the consideration of the pathologic conditions which are present in cases of profound impairment of hearing, we may divide them into cases in which middle ear changes are present, cases in which labyrinthine changes are present, and cases in w·hich changes in the auditory nerve trunk occur.
The changes which may occur in the middle ear, in the congenital conditioos and in many of the icquired conditions, are, first changes in the ossicular chain. We may have a rigidity of the ossic1es, this rigidity usually occurring as the result of an osseous deposit in or about the oval window or in the niche of the round window. More rarely, we have fixation of the incus, as in the case reported by Nager ("Anatomie der Taubstummheit," Dritte Lieferung, Wiesbaden, 19(6), in which there was a synostosis between the incus and the internal wall of the middle ear.
Similarly, Alexander and Neumann ("Die Anatomie der Taubstummheit," Sechste Lieferung), report a case of deafmutism in which the tympanic cavity was practically obliterated by a new bony growth. In this case, there were also extensive changes, both in the cochlea and in the auditory nerve; In this case, also, the hammer, anvil and drum membrane were entirely wanting, and the stapes was rudimentarily developed. In the cochlea there was a new deposit of bone in the perilymphatic spaces and also in the vestibule. There was a new deposit of connective tissue and of bone in the cochlea. There were also changes in the aqueductus cochle<e, and in the utricle and saccule. There was also degeneration of the auditory nerve, both in its vestibular and cochlear branches. The changes occurring in the middle ear and labyrinth, in the congenital cases, may perhaps be somewhat understood by this report of the case of Alexander and Neumann.
A careful study of the cases in Denker's master:1y collection of monographs on the subject of deafmutism, shows that in all cases of this character,extensive changes have been found in the cochlea and in the auditory nerve trunk, together with certain changes in individual cases, in the middle ear. It is a notable fact that in every instance where extensive changes have taken place in the end organ of the auditory nerve, the auditory nerve trunk itself has shown pathologic alterations either-in. the cochlear or .vestibular portion, or in both.
The changes which occur in the middle ear may be either a faulty development of the ossicles or adhesions between the! ossicles themselves, or between the various elements of the ossicular chain and the adjacent tympanic walls. Again, we may have the deposit of new bone in the middle ear, this occu.rring usually in the neighborhood either of the oval or .round window, preferably in the former location. Such a deposit of new bone leads to fixation of the stapes and causes impairment of hearing on account of the inability of the os-sieul<rr chain to transmit sonorous vibrations to the column of fluid in the labyrinth. In certain cases, particularly in otosclerosis, this deposit of new osseous tissue is not confined to the outer wall of the labyrinth, that is, to the middle ear, but we find a deposit of newly formed osseous tissue both in the vestibule, the cochlea, and in the semicircular canals. Such a deposit of new bone gives rise to various symptoms, according to the location of the deposit. -In otoscLerosis, as· this newly deposited bone occurs most frequently in the neighborhood of the oval window, the earliest symptoms of the disease are characterized by evidences of rigidity of the ossicular chain. Low tones are poorly perceived, bone conduction is increased, and as soon as the newly formed bone has been deposited within the labyrinth, the upper tones are usually poorly perceived. This for the reason that, owing probably to the free circulation in the lower turns of the cochlea, in oontradistinction to the relatively poor vascular distribution in the upper turns, the newly formed bone is deposited most frequently in the lower cochlea turn, which is concerned in the perception of the higher tones of the musical scale. The regular occurrence of this symptom, in cases of socalled progressive deafness (or otosclerosis), seems to me to be a strong argument in favor of the supposition that the labyrinthine changes may really be secondary to changes within the middle ear, and that were appropriate treatment applied sufficiently early to the middle ear condition, the subsequent cochlear or vestibular condition might not take place. In a certain number of cases that have come under my observation, such treatment has been absolutely futile. In other cases, where there has been abundant evidence that such changes were beginning, local treatment has certainly retarded the progress of the condition.
In certain of the cases of otosclerosis, disturbances of equilibrium may occur. I have seen a number of cases of this kind. One was relieved by removal of the membrana tym-pani, malleus and incus, with partial liberation of the stapes, while a second was relieved by simple treatment of the middle ear condition by means of regular inflation. In the first case the symptoms were evidently due to an increased labyrinthine tension, caused by a deposit of newly formed osseous tissue, probably in the vestibule. In the second cas-e, the labyrinthine changes were probably merely vascular in nature, and dependent upon an underlying middle ear condition.
While profound deafness, as the result of a suppurative inflammation of the middle ear, is comparatively uncommon, certain of these cases do occur. In the more advanced cases desthtction of the labyrinth has undoubtedly taken place as the result of the suppurative inflammation. The avenue of invasion here is most commonly through the horizontal semicircular canal, although the oval and round windows are occasionally avenues of infection. These cases, following suppurative otitis, are usually characterized by some disturbance of equilibrium during some stage of the disease, in addition to the great impairment of hearing, so that, it is only fair to assume that the laybrinthine involvement is fairly extensive.
In some of these cases, however, the cochlea alone is apparently involved. Thus, in one case of double suppuration, in _which the loud voice was heard only eighteen inches frorn the ear~maximum~therewas no disturbance of equilibrium, and the rotation test showed a normal vestibular reaction. In cases of this character, the invasion must attack simply the cochIea, while the static portion of the labyrinth remains unaffected. In other cases, however, the entire labyrinth is involved, as evidenced by profound deafness and the failure of the static laJbyrinth to react to the rotation tests.
A labyrinthine condition which is sometimes seen after the radical operation, and which is probably best described as a perilabyrinthitis, may explain the impairment of hearing in a certain number of cases of chronic suppurative otitis, and may, perhaps,-furnish us a suggestion as to the possible benefit of operative treatment in cases of this character. In a number of cases of suppurative otitis which have been subjected to the radical operation, the patients have, at varying periods after the operation, developed a nystagmus on looking either to the affected side or to the opposite side. This nystagmus has varied from day to day, sometimes more pronounced in one direction, sometimes more pronounced in another. Disturbances of equilibrium have occurred during the period in which the nystagmus was present. AU the symptoms have subsequently completely disappeared without operative interference. In these cases, Neumann has made the suggestion that an inflammatory process is taking place in the soft bone overlying the labyrinth capsule. In my own experience, these symptoms have always appeared in cases in which the caries has been so extensive as to necessitate the removal of the bone to the very limits of the labyrinth capsule. It seems to me possible, in certain cases of profound impairment of hearing following middle ear suppuration, that this perilabyrinthitis may be responsible in some instances for the impairment of hearing, and that by resorting to the radical operation and removing the diseased bone, a certain recession of the labyrinthine deafness may be looked for.
My observations upon cases of this character are of comparatively recent date, and no report can be made concerning the results of operative treatment at the present time, It seems fair to assuitne" however, that in a certain proportion of cases in which profound impairment of hearing follows extensive mid'dle ear suppuration, suppurative process has invaded perhaps not the labyrinth itself, but simply the perilabyrinthine structures.
Whether, in these cases, a serous labyrinthitis results, we cannot say. From the fact that a certain number of cases of this character gradually improve without operative treatment, it would seem probable that the perilabyrinthitis had caused a serous effusion into the labyrinth, and that later, with the subsidence of the acute symptoms, this serous effusion was absorbed. Whether operative interference in some of the more chronic cases, will enable us to deal with this class of cases, surgically, is simply a matter of conjecture. I am inclined to believe, however, that such improvement may be hoped for after a more critical study has been made of cases of this character.
The lesions due to cerebrospinal meningitis, which, as before stated, is one of the most po,tent causes of acquired deafmutism. consist of an inflammation of the auditory nerve trunk, with an infiltration, more or less extensive, of the end organs of the auditory nerve. This infiltration affects usually both the vestibular and cochlear apparatus, so that, in addition to the profound impairment of hearing, disturbances of equilibri'UItn are ex:ceedingly common. The sense of equ~librium is usually regained after a comparatively short time, but the impairment of hearing usually remains permanent, except in those few cases where it yields to internal medication.
In certain of these cases of cerebrospinal meningitis, in addition to the changes in the auditory nerve trunk and cochlea, we have changes in the aqueductus vestibuli and aqueductus cochle;e. These two channels are either partially or completely obliterated as the result of the meningeal inflammation, and it is fair to assume, in many of these cases, that the labyrinthine involvement occurs through these channels as avenues of infection.
In syphilis the lesion may lie either in the trunk of the auditory nerve or in the labyrinth itself. A differential diagnosis here is sometimes quite easy, as in a case which came under my observation a short time ago, in which, five months after the primary lesion, the patient suffered from profound deafness in one ear, and a decided disturbance of equilibrium. Both labyrinths were proven active by the rotation test. In this case there was spontaneous nystagmus to the affected side. The electric stimulation of the auditory nerve gave a paradoxic reaction. Owing to the activity of the vestibular apparatus on each side, and the fact that the cochlea was apparently intact, as evidenced by normal upper and lower tone limits, and also from the fact that there was a possible paradoxic reaction of the auditory nerve to galvanism, the lesion was located in the meninges, in the neighborhood of the auditory nerve. The patient was put on antisyphilitic treatment, consisting of large doses of iodld of potassium together with mercury internaIly, and later the hypodermic injection of salicylate of mercury. At the present time, all of the vestibular symptoms have disappeared, and the patient's hearing has become nearly normal on the affected side. In this case, there was undoubtedly a pachymemngitis involving the auditory nerve sheath.
In certain cases of specific disease gummatous deposits have been found in the internal auditory meatus, causing pressure on the auditory nerve trunk.
It is particularly important, In specific cases, to make a diagnosis between involvement of the labyrinth, on the one hand, and the involvement of the auditory nerve trunk, on the other. The labyrinthine lesions yield best to the administration of piloca~in, in conjunction with iodid of potassium, while the lesions of the auditory nerve trunk yield most easily to the administration of the antisyphilides in large dos,es, particularly to large doses of the iodid of potassium, after mercurialization has been established.
In this connection, it might be well to mention Ehrlich's new remedy, "606." In the case referred to, advisability of administering this drug was seriously consideree, but in consultation with Doctor Fordyce, it was decided that, owing to the untoward effects which Ehrlich had reported in cases of cerebral syphilis, the administration of the drug was not warranted. The improvement of the patient under the ordinary antispecific medication, seems to have borne out this view.
It Wlould be possible to continue a citation of varioU'l esions causing profound impairment of hearing, indefinitely, did the time warrant. I must remember, however, that I am to be followed by one who is to speak on the subject of "Educating the Eye to Substitute for Deaf Ears," and in closing my paper, I wish to make a few remarks upon this subject.
'When should the eye be used as a substitute for the ear in cases of impairment of hearing? Personally, I beli,eve that in every case where the acoustic sens,e for a moderate whisper is less than five feet, in either ear, the patient will derive considerable benefit from the training of the eye so as to aid the ear. I do not mean by this statement, that the eye should be used as a substitute for the ear, and herein, I think, the advocates of the socalled ocular method have mad~a s,erious mistake. As soon as a patient depends more upon his eyes than upon his ears, the auditory function will become more impaired by disuse. When, however, the patient uses his eye as an aid to his impaired hearing, but not as a substitute for his defective auditory mechanism, in those cas,es I believe not only do the patients receive decided benefit, but the auditory sense will be stimulated. It is only necessary for a normal individual to attend either the theatre or the opera, to recognize how much better he hears when he is seated in such a position as to see the lip motions of the performers, to understand how great an aid the ocular sense becomes to the sense of hearing. The more the hearing becomes impaired, the more must the eye be depended on. The point which I wish to make is that lip reading should never be taken as a substitute for hearing, excepting in thos,e profoundly deaf. As an aid to hearing, thus relieving the fatigue of an overstrained auditory nerve, I beli,eve it is of great value. If, howev'::i, a patient learns to rely more upon the sense of sight, in his intercourse with his fellow beings, than upon the s~nse of hearing, he not only fails to exercise what little auditory function he has, but, by failing to exercise this funr:tion, loses completely his sense of hearing for his own voice. The socalled "deaf voice," formerly so commonly observed in those with profound defect in hearing, will certainly result unless due attention is paid to the preservation of whatever auditory function the patient has. My own belief is, therefore, that a combination of the ocular method, with the oonservation and education of whatever auditory function the patient possesses, will give us the best results in the treatment of cases suffering from profound auditory defects.
